1 DESCRI PTI ON LEADLESS | NTEGRATED Cl RCUI T PACKAGE HAVI NG HI GH
DENSI TY CONTACTS FI ELD OF THE | NVENTI ON4[ 1] This patent application
rel ates generally to integrated circuit (1C) packagi ng technol ogy
and, in particular, but not by way of Iimtation, to |eadless IC
packages having high density contacts and rel ated net hods of

manuf acture. BACKGROUND OF THE | | C packaging is one of
the final stages involved in the féggchyﬁ%ﬁﬁﬁf | C devices. During
| C packaging, one or nore |IC chips are nounted on a package
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printed circuit gqﬁ gle(f@EWéﬁh(gﬁnnect ed to other electrical

conponents. [3] N fCpackages, the IC chip is conpletely
covered by t{he enqaﬂ@§uér@hp;ﬂlﬁhnoﬂﬁla% E@llenan;v\dahﬂt@rétéa%u@hﬁm)rph&ﬁém ontacts
are at least partially exposed so that they can be connected to
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i nside the package onent s “outsi'de™ the 1C package.

O tenti nes, usi HQAQK@R@UN]E@TMMQLO formpart of the IC

package nay be nore cost effective than using a |am nated board or
tape materi Bl becHuraskagingis qag aithd @nal siagesinedrst inghd falrication Oﬁﬁlf@m’cal S may
be used, such ag co ni ckel oys,
and use of such %ﬁ?néﬁl ngkagI%m OFFH8WI§6$]%S & Ig?“n%?fn%?:?ﬁaege sutia
manuf act uri ng pr aseasaso a@uﬁac&mwmdhenﬁwéammgﬁcmhﬁtﬁn%m@ﬁ ching
rather than nulti-step | am nate processes. One of the nobst commmon
desi gns for thes@@ﬂ@éﬂﬁ%ﬁcﬂéﬂwh@{ syl a5 eprg of silioqid raeldingreoynpbendnfhe

"l eads" extendi s of t. nca,psul ti.n rial.
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[3] In most IC packages, the IC chip is completely covered by the encapsulation
material, while the electrical contacts are at least partially exposed so that they can be
connected to other electrical components. In other words, the electrical contacts are
designed to form electrical connections between the IC chip inside the package and
electrical components outside the IC package. Oftentimes, using a metal leadframe
(LF) to form part of thé IC package may be more cost effective than using a laminated
board or tape material because, for example, more cost effective materials may be
used, such as copper, nickel, or other metals or metal alloys, and use of such materials
may allow more cost effective manufacturing processes to be employed, such as
stamping or etching rather than multi-step laminate processes. One of the most
common designs for these electrical contacts is one in which they form “leads”
extending out from the sides of the encapsulating material. The leads typically are bent

downward to form connections with electrical components on a PCB.




2 [4] Otentinmes, the presence of external |eads tends to
significantly increase the size of |C packages. For instance, it may
increase the length and width across the | C packages due to the
hori zontal extension of the |leads. This increased size can be

di sadvant ageous in systens where PCB space is |imted. In addition,

because the exter n(ﬁgée I_eadtgl are t¥pi cally arranged al ong the sides of
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these | eads requiré an additional 1nspection Step tor stralghtnes
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or scrap if they . fail th cification). Finally, the |eads
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| eads), which may affect the electrical performance of the |
package. [5] Recdylinilfythe Hessedigiande avindtheg€ oivkeges Anbthér diadveensk isaival

| C packages, res hers .have.devel.oped | C packages in i ch the
external | eads ar%gegerclgab aced aﬁf}d é'foggltl?s eccgl"l’I1 Ste@@?’fﬁﬁ% S PIAPEY @ er ed
on top by the enoapsufutd fechimdabdindsioRtandsPQR BkcAP ifials railied t om of
the |1 C package so they can be connected to el ectrical conponents
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conventional |C packages %8%) %&61?? ﬁg%;%gleeéﬁ%@s%gfn B%?nﬁ%ﬁg%ﬁgruﬁ% lei‘dté)ads.
I n addi tion, thes#ich@apatkaedecelchlpetiainenct highdTegdciage. bend t he | eads

to form congﬁcti og’%. Sone _exanpl es of conventional |eadless IC
packages ar & di sCFO&EHS fhespars otsy prablpmngsith cogvengmaldd gackpgss. reserachers 77,

the respective dnsglastspachondiinilidie Renaihal BEAIRANRY BN

reference. Anong ot her things, ese patents escribe an
desi gn vari at i onsonfagis tHatmgitorered dnGoplacthagepsidatitly matedi0 b exgosalvnitgues

f facturi d i he | eadl | C Kk . [6] Al |
of aleadless | CORBRSHE It s Blipr i teraeb R AR crmonsancionth | <
a bottom view Obengith h&TPRENBE ThdOf NANAATreRrEH aéi‘tléa?f%%&; %ﬂ%@? '?gndloz

with an I1C chip 104 nounted on a top surface thereo
dashed |ine in Fe@ecupyess spacp Fampated wth cafentiont Kiackagisniisto HRGbeanr obe

seen di sposed ar t%g Qx en?a? leg SFﬁiagc_ﬁticB? &iasg?é Sarckaggs e 'Qu%atgf\hz need to bend the leads
to form connections. Some examples of conventional leadless IC packages are
disclosed in U.S. Patent Nos. 6,498,099 and 7,049,177, the respective disclosures of
which are hereby incorporated by reference. Among other things, these patents
describe and illustrate design variations for leadless IC packages and various
techniques for manufacturing and using the leadless IC packages.

[6] An example of a leadless IC package can be seen in FIGS. 1A and 1B. FIG. 1A is a

bottom view of an IC package 100 having a die attach pad (DAP) 102 with an IC chip
104 mounted on a top surface thereof (shown as a dashed line in FIG. 14). A plurality
of contact points 106 can be seen disposed around an outside perimeter of the DAP

102. The contact points 106 may be utilized to provide contact points for electrically




102. The contact points 106 may be utilized to provi de contact points
for electrically 3 connecting the IC chip 104 and a PCB when the IC
package 100 is nounted onto the PCB. An encapsul ati on conpound 108
may be interposed between the DAP 102 and the plurality of contact
points 106, for exanple, to isolate the contact points 106 from the
DAP 102. FIG IBis a side view of a cross-section of the |IC package
100 of FIG 1A abroeriing the&C ipnl04 Thda BB wheinpthe 10 padirage 1B@is atotimtedeth tho

the DAP 102 usir duct i 10. . Wre b 112
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isolated fromthe DAP 102. Wre bonds 114 may be utilized to form
el ectrical conneteiD¥si02 b iBrea i vadw 9f a TOas-seesion ofthefCaparkage HI0 obBigdi ng

poi nts 118 whi ch not electrically isalate I ‘he DAP
102. . Because thelégﬁi{%ﬁc%‘gi nesf%ﬁ%i@r%ay%? %%?15’? toatg? ﬁ‘é‘ﬁﬁ%‘ﬁmﬁ)ﬂP 102,
the contact poi ntghdddiGe éRyy 6. Wiré bdnded 2 bRy PARBi-&l 19 fbah Slebtlcal ngkchidn®m
the PCB (not shown) and the Input/Qutput (1/0O ports on the IC chip
104. Because t h&opHP I5sHA LMo palstiy ogh%dlas plﬂbflﬁanmmalwmdym
isolated fromth at . I i ,
t hese el ectri.cal ggcgﬁﬁ%%tg%g%{sﬂoéﬁggég&nggvu?r%%&g?gﬂh rgﬁﬁ%ﬁéﬁoef%%y chip
104. [71.One | i nilecddaloomettidnbirem the i@ claf 104eadplesby bfbanaiak paptts 118 whivat
t he maxi rum nunber of. termnpals that can be utilized to
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limted to the nynhes+oh mbSaBHRIR biat p&ﬁmda%mwgathﬁgdteg%ﬁagnﬁsh@
perimeter of the DAP. As can be seen 1h FIG 2] attenpt ave been
made t o i ncr eas eangliomthrB{d (notohovind pod thcalhput/@uipin (BO) wortk on thel@aiy 106.al
connection with the 1/0 rts.of the |C chip, . including decreasing
the distance bet ane by é’l"’f‘ﬁ“?%c’g‘tsil_r]lé HPH@FgftﬁcaﬁlP'iso%?gg‘f‘g}elﬂﬁ?aqo% or
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IC chip is limited to the number of terminals that can be located around the perimeter
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of the DAP. As can be seen in FIG. 2, attempts have been made to increase the number
of terminals available for electrical connection with the I/O ports of the IC chip,
including decreasing the distance between the terminals in order to fit more terminals
around the perimeter of the DAP and increasing the number of rows of terminals
disposed around the perimeter of the DAP. However, increasing the number of rows of
terminals requires either decreasing the size of the IC chip or increasing the size of the
IC package. Additionally, the amount the distance between the terminals can be
reduced is limited to the minimum distance between connection points on the PCB,
which is relatively large,

'SUMMARY OF THE INVENTION




which is relatively large. SUMVARY OF THE I NVENTION 4 [8] Various
enbodi ments disclosed in this applicati gn cont enpl ate | eadl ess
-integrated circuit (1C) packages having "high density contacts and
nmet hods of manufacturing. In one enbodinent, a |eadl ess integrated
circuit (1C package is shown including a netal |eadframe having a
top surface and a bottom surface, the netal |eadframe conprising a
plurality ofl8kt er m Yasipes covopdimelityrjsclosadrin thisepriicgtios comfeapiatetlendleisantéppdtddom

h of I lity.of.term nals conprising a hondin
Sren ot the ton S otk g hich B n e Bstro i s PRBghe Tha
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package may al so include an I C chip nmounted on the top surface _o.f t he
met al | eadf rane AWdrewheYing: ey swafags and abdtion sufach dredictylepdidse comprising a

lurality of wr . f the .plurali of. wre R%gde to a
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of the plurali t#}of termnals, wherein the contact areas of the

plurality of ter tf?gi@ﬁ%ﬁe@nﬁéﬁem\‘tﬁlc?V“@iﬂé%@@ldflgégabytlllQM’iaﬁtarea. Tél? IC
encapsul ation co i _

ter mpnal S conpri ggg&gg%ﬁg;ﬂgﬁn? P&a&cag&%‘:@@%nggﬁ? gle(t:o%ug ﬁ%?]égtge %%dl ng
area laterally &trédposedd clfolmlq;rh:in%c manprb?mm Iﬁfwh%ﬁﬂat agh / Fﬂﬁeﬁrdlglo dggll Orliéhe
erpendicular to th ta e rame, intersects bo _

gr eg and t he conPltﬁ‘@ﬁtyg?‘f 35“&10%‘@8?%3@&@%3 £Bapt %‘&Pnf]lﬁg f’%‘eanl[eﬂﬁ‘ﬁﬂiag@ ar (E;
via the netal tra@@oﬂd%é-ﬁglgf@@"@lgi%to‘f- g alafRdl £5:5:0h Gr & ge
may include a cont acEt1 ‘ar‘ég %-i spoged. gr?qe{r}neg%r ] fﬁ%ea Ig% c}%]l?tg__couglfed
to a bonding ar eﬁledlusﬂbtvsré@rrem@uwderanpﬁmmtaealsas oﬁ‘th&;hﬂahtjé a;tﬁhn?léanﬂl-‘)ﬁn
adhesi ve coating.i.nter ed between the netal trace an e chi p.
In some emnbodi rr%llrll1 g’fcaé%ﬁ%te%]&vntg? Higeesylation forupopnd, Whereln afilgagt oge Eikrlialitt om

the contact ar eaof tihhin@RQorifristH et frace deSRALChuRiHe WAL RHiNG afrJa‘Pﬂ@r&]ﬂe
contact area relative to the I C chip; disposed inwardly from the

contact area r el @itHosed fiog archeiadt @extyripthatan Unafieppotiet paheahdtﬂ]lcleadfmgnea 3
edge of the IC cjhi S nbodi ts, .a surface_ area ondi ng
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area of a cont actonding@e @41k Bkal trace,

[9] In some embodiments, the leadless IC package may include a contact area disposed
underneath the IC chip coupled to a bonding area disposed around a perimeter of the
IC chip and an adhesive coating interposed between the metal trace and the IC chip. In
some embodiments, the bonding area may be laterally disposed from the contact area
by one or more of: disposed outwardly from the contact area relative to the IC chip;
disposed inwardly from the contact area relative to the IC chip; and disposed parallel to
an edge of the IC chip. In some embodiments, a surface area of 2 bonding area of at
least one of the terminals may be smaller than a surface area of a contact area coupled
to the bonding area.

[10] In some embodiments, a distance between a center of a bonding area of a first

terminal of the plurality of terminals and a center of a bonding area of a second



to the bonding area. [10] In sone enbodi nents, a distance between a
center of a bonding area of a first tegmnal of the plurality of
termnals and a center of a bonding area of a second 5 term nal of
the plurality of termnals may be | ess than a distance between a
center of a contact area of the first termnal and a center of a
contact area of the second termnal. In sone enbodinents, the IC
package may i ncl {f&aingl of fhe ghurafiyiofieneinalohay edesplhuy sdistanye pfween e pamieneflas
having a first b ' .ed to a first contact area hein

di sposed subst a%??%%@a 5?}%&%? {é%i?%%nrdg SEEWE a‘éongagtcaﬁeﬁ&}?%?ﬁ‘f?w&?m@ L't he
plurality of ter i ssksmbaithens, thelCSREQPSMBARMIBY fiOURNRM of Be RuBR oNd
contact area di s%(;r(s}ied substantially directly therebelow, a third

termnal. of the Palt havipg & first eangding ipasconpled f g figt eontaptdre beins digposedea
coupled to a thi ggleeah el &) hi adi ng ar i.S
i nt er posed between the %I ?gﬁ%gﬁ%héﬁggg%ggiﬁ%# geiplgrec Hggbc r'\ag"‘f}lﬁ&“g
area, and wher ei msecve bbidingtogetiae tecaid@Bntack FrelippRE AbsthitaBy @tebiy from
an area between hrec irst contact area and the second contact area.

Anot her enbodi ne » B e rgmingl of e PRurRlityof terpipals haing pthirg bendingiarey of
termnal s havi ngugied RUdia Lm0 lLeds f. ct
area, wherein theu?lgurt h bondi nggﬁggﬁ%%tbg%%gre%l%gt;él\[ﬁé%%%%ﬂ%e%
first bondi ng artafishndihparersndihd sdsomidiondingar@agnd whereinhealiel danthdl @rea
fourth contact alrgla i s, .di %%o§ed | at g}ral!%{gI f{gomthe area between the
first contact af SPOSHHAPRYY LW Bt L wE ]_?e Flegntact 419 and fheggsiepd contact
enbodi ments, t heark:L AMRS SmbddirRACKAARITBY fduif bettiGa B hik Figdad, SF ARk Of
the plurality of termnals having a first contact area, a second
term nal of the j§ving afdutybesding aros ¢riupled to afewthngntat sex whdeic ut@ct ar ea
adj acent to the fifst contact area d thi.rd termnal of fhe
plurality of ter]In(%nélJE g° 1%{}1%??6 5 b?%’#%%g%ffrgt@gndﬂr&?feéan‘{fg% ?ﬁé‘é’l‘}%f’li‘?@gfafef"st
contact area ancint biersio ¢RAchE OsttRCdreads @aboscaWUiRalS TRACHIBEN LRt ¥BYthe first

include the bottom surface of the netal |eadframe being selectively
et ched back suclforiRd&eret #e thrseeopdrontictrafaace of the netal leadfrane is

subst anti al ev | . [ e of the. encapsul ati
conpound arggl;{or \E}ﬁg%ﬂlt%b? ﬁg]g%% oe%&g%?‘?g%ceaggfn A W&ﬁ%ﬁft%@ﬂﬁﬁ}gﬁe i's
sel ectivel y et clhptdalippatkermihals hivivizta fdt cor@@bdreada REUHH ke@Rinflfof fie PRLAIRBE

surface of the netal .
terminals having a second contact area adjacent to the first contact area, and a third
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terminal of the plurality of terminals having a metal trace routed between the first
contact area and the second contact area. Some embodiments may include the bottom
surface of the metal leadframe being selectively etched back such that the bottom
surface of the metal leadframe is substantially even with a bottom surface of the
encapsulation compound and/or wherein the bottom surface of the metal leadframe is
selectively etched back such that at least a portion of a bottom surface of the metal
trace is substantially even with a bottom surface of the encapsulation compound. While
in some embodiments, the bottom surface of the metal leadframe may be selectively
etched back such that at least a portion of the metal leadframe inside the encapsulation

compound is removed and/or a bottom surface of the metal trace is selectively etched




trace is substantially even with a bottom surface of the

encapsul ati on conpound. While in sone gnbodi ments, the bottom
surface of the netal |eadfranme may be seéelectively etched back such
that at |east a portion of the netal |eadfranme inside the

encapsul ati on conpound is renoved and/or a bottom surface of the
nmetal trace is selectively etched 6 back such that at |east a
portion of the mbtdsudhilate l¢astzipdeion bshesmata passlimitde G cvopyplatiouctompamd
renoved. [12] In, ?ﬁ?egnb()d' ments, a netal plating applied to a top

surface of at Ieg“;sr on€ bonding area of the bonding areas and

wherein at [Rast @ @k kinbetlidntst Ni@etiPladhg dpSiRd i AP PRLQNat Iéa%ngﬁ;nailn

plating is etched awa In sone enbodi nents, substantially al %he
metal | eadf r ane 25&¢ hon@nm@@aapndgy@teinwgleasga parddned tha watp! leadlfratsc)lv@w

bondi ng_ar as. 1 o eear oy g o8 wAP I8 ARG 5GR Ry SRl ot W pRl e

of the first bontkndfgummaawaﬁdne&nplaﬁ@%e@ile@am?%aﬁhel%ﬁiﬁshuﬁ&tsaﬁﬁﬁﬂio‘fa
less than five ml|ls and/or a bottom gortlon of the at |east one

metal trace is cO3tRadRE tre of thephuerligaf pordingarcesyis lgss thapifise @ilidméadistamﬁ
tect t ecH 8 eddf o i edoe o cOTgl. bonding areais 16ss
protective mater ,@keHaY c@@ %éﬁgtbogdr{grag%m%&% %?9%831@8 dn%sglsne% Snle e

epoxy, an oxide, and a sol der
package may i ncl thetefiv mwibladdoralbotonppaioaef e idasees methiarea6lcard #idd@t t om
surface of the cont&gt ar eas wher ei n the sol derabl e prot ection

layer is sel ect PR E PSRy SPaigial maseatlesing fomdbaereny of

ni ckel (Ni) eliibof Bibky, 1R BIIRIY sl nasi@ P! ating stack-up of
ni ckel (N) and dn%d (Au) w y ap atelgng gtack fjp of nickel (N) and

silver (Ag)H3la pl @tsi)rngemj—‘lodlsuehﬁe,ehe ICAgkpgegoly the(uder) solderable procdein 14 ) and

gold (Au); an el ctrol sol der coating of
tin and |ead (St% 158 %Hrmtgml ﬁuﬁa‘%ﬂ? %f/mg@?t&@f‘s’ gvgeré‘fﬂh&é‘?ld%a& fq prgigetio n” and
|l ead (Sn/Pb) or Iayet isBelediddyom ﬁl@rcomf?}ﬁﬂxgaa e stﬁf&Q&f mél@-’@\h)w th a
coating of an organic sol derabi preservative In 'sone

enbodi nent s, t hePdlsiprs@dy a%%O@f(AﬂheplﬁWaﬂaCH @admchﬂirél\h}cumgplﬂm a die

attach pad; and t | C chi u t he
die attach pad. qﬂnﬂ b gt%%ellp %ngg%i watn&ﬂv%rg g)oPplﬁtbqgé)f f"@crg(g‘ﬁ ‘ﬁg{ﬁl‘gt %d to
the 1C chip and mdkelgNDiaadgdid/(Auf ablgbRelytidortiiBedBh @l (Sh)?@ﬁ’d‘k&@é&ang of tin

and lead (Sw/Pb) or a tin-alloy solder; a solder ball of tin and lead (Sn/Pb) or a tin-alloy

solder; and a bare copper (Cu) with a coating of an organic solderability preservative
(OSP). In some embodiments, the top surface of the metal leadframe comprises a die
attach pad; and at least a portion of the IC chip is mounted on the die attach pad. In
some embodiments, one or more IC chips mounted to the IC chip and electrically
coupled to the metal leadframe.

[14] In some embodiments, a method of manufacturing a leadless integrated circuit (IC)
package is shown by first partially etching a top surface of a metal leadframe to form
recesses therein, the recesses defining upper portions of a plurality of metal traces,
cach metal trace of the plurality of metal traces having a bonding area disposed on an

upper surface thereof, mounting an IC chip to the metal leadframe, electrically




[ 14] In some enbodi nents, a nethod of manufacturing a |eadl ess
integrated circuit (1C package is showm by first partially etching
a top surface of a netal |eadfrane to fbrm recesses therei n, the
recesses defining upper portions of a plurality of netal traces,
each netal trace of the plurality of metal traces having a bonding
area di sposed on an upper surface thereof, nmounting an IC chip to

t he metal | eadf r eavelingahed€tchip ¢mtht jonding areasylaivig bbini, dpflyiaf drpentapsildien
bondi ng areas via w re bonds ppl ying. an encapsul ation conpound to
cover the IC chi ‘b‘{mPP'ﬁPg RrYE tB%‘?Fcf P, ‘gﬁg’rﬁ?@gsp?‘ﬁrt%ﬁﬂl‘{r@%?f el Beey 1d e s
and to fill thefl®eesass il Be mbfl 1R ERe, {cRately2Eim %%Jn&%ﬁ{]ém\f%le Xﬁﬁé ching
a bottomsurface of the netal |eadfrane to i'so a?e each of the
plurality of mnet&ptalsagleme togglals eash of heplplality af metyl tafes, enwdicdithe pluctiof
havi ng a cont act Lsposed on a lL.ower, surface thereo nd _not
fully covered b@a%lﬁgceg%%%l SUPH %tﬁrﬁa%@ﬁ%ﬂﬂﬁ? X RpRE feﬁ;@?n?%@g’t one
nmetal trace conplov&easby the cipdpbidstion ddngand, aldBFiAleinat fhe BRIRA frh@ B prises
bondi ng area such that no line perpendicular to the netal |eadframne
i ntersects both %%@taﬁmmm&ﬂ@wgﬁ@m Heongipnerargclathgac lifeBipeddicubotre
enbodi nents, the, "B EBY. ;] I t a partion of the |ower
surface of the net atFl %r aceeslhtglg%c%ggtgt gﬁgﬁg%%rg antggwbb S ant i al | y
flush with [&]bot tlosemsaenitadiecs, thetutthot RRpRGIdeAt lefa bRNEN of (MW surface
enbodi ments nmay i\%(él ugﬁ aggl yi nég a protective coating to at |east a
portion of the |BWEMeRycaTRsingeiCheddackie by substantiadly fludhopith schetiord usiaern of
may include t hand¥nelp&attoN Biy&Oftde MIbGRARES Sy} g T Gecle Bai
resi stive oxide cog'?%‘png, 0any epofy coat | ﬁé’?ﬂbgﬁﬁgﬂgﬂgg{ﬁgﬁpﬁvgﬁc&@g
[16] In some entodilsmstatpsstion hidhelewiraofaayf tharadil teces Spae ehi@dinehts hfag

bottom surface qf th%e metal | eadfrane being etched back to be
substantial |y f &K R PRSIV P05 FLRAFAE ereGf mofegEa tpgtip exifcroptig, an

| ayer. In sone Qﬁ&gdbdﬁ%{taﬁdaﬁrbﬁcdvgnﬁ_hi p may be nounted to a the
attach area of the netal |eadfrane, the die attach area nay protrude
froma bot{n sdrfomeembpdimens, tinoaisdingt indwiclagyion of th togém dirfteadice

and the cont act ar eas r.ud rface of the
metal ea

encapsul ation | ayer acmglrélgh% eﬁqh&%%ﬁ%@ﬁ%@%ﬁ%ﬂ%@y ‘%ﬁ?ﬁthﬂp‘gpé’ﬁé@chf

| ess t han the segenidpailSbARES. In &&%]embéﬁiﬁ&ﬁg?thgf@aﬁg B HeSnouftkd bgapt a
portion of the |Iower surface of at |east one netal
attach area of the metal leadframe, the die attach area may protrude from a bottom

surface of the encapsulation layer a first distance and the contact areas protrude from
the bottom surface of the encapsulation layer a second distance, and the first distance is
less than the second distance.

[17] In some embodiments, at least a portion of the lower surface of at least one metal
trace may be etched back inside the encapsulation compound. In some embodiments,
the method may include partially etching a channel into a top surface of the metal
leadframe, and flowing a portion of the encapsulation compound between the metal
leadframe and the IC chip via the channel to provide the encapsulation compound to
isolated and hard to reach portions of the recesses. In some embodiments, the method

may include singulating the leadless IC package from a multi-unit leadframe strip,



trace may be etched back inside the encapsul ati on conpound. In sone
enbodi nents, the nethod may include partially etching a channel into
a top surface of the netal |[|eadfrane, dnd flowing a portion of the
encapsul ati on conpound between the netal |eadfrane and the I1C chip
via the channel to provide the encapsul ati on conpound to isol ated
and hard to reach portions of the recesses. In sonme enbodi nents, the
met hod may [18hc| udée shopgumaniyrg the heeltiead hatdsedded 1 aphageeds anbodiment or

mul ti-unit | eadfrane stgi %E 8 iéJbl8ér@,The above summary of the
invention is not T BRWEY HeFTPEHELEM each enbodi nent or  every

aspect of the prayaBF HERENPTION GRTHE PRRFINGY ON OF THE DRAW NGS
[19] A nore conplete understandi ng of various enbodi nents of the
present i nvEAti onA magcdrmleghndirnading yf vagbwe eabaiendns of e ple@hl iowhig

Det ai | ed Descriptio en.taken in _cqnjunction with the accompanying
Drawi ngs, wherei f% Fﬁmﬁ? &rf’ efcﬁ\‘feéofhfe?‘ﬁl]g‘f"’tn&f)@a‘g’ﬁ Deprppinn st 2 i Quad

Fl at No- | ead (Q:EJ)njdnaﬁﬂlwgg&elagompﬁig}ﬁggﬁ;wh{gg’uhm@nﬁ 2 illustrates an
enbodi ment of a Thermal Leadless Array (TLA) | C package; [22] FIGS.

3A-B il |l ust Pt e aFlGSnb#iilstate ofenpodimen besQuall Blaplic leady©Faieadigs EC | ar ge
IC chip relati Vﬁ“é’f‘% the package size; [23] FIG 4 illustrates an
enbodi nent of a ta’ | eadfranme havi ng a plurality of netal traces

formed on a2top SEG adsttake be@ibodindetlor FrKeSnal BAuifesd Ady 31 A€ pARPRCT S
of an enbodjent of a |eadless |IC package at various stageS of a
manuf act ur i g pr oS 3A-B llysteats ag embadimaerit pf 4 Jeadiesstle packngedersnasi legs Iddhiran
enbodi nent of a I age having two rows of bondi ng areas
and multiple romllgﬁg’%tgg%?%g%ggglgéas; [26] FIG 7A-B illustrate various
enbodi nent 2&f | BEG e1isstlaEs penibadimsnt boyihag ladfhing hadhd A RASE mdtd 7]
FIG 7CHillustrate various stages of a manufacturing process for
produci ng vari oﬁcesggrﬂ‘@@?%aﬁ? Wiges hege9fl ess | C package of FIG 7B;

[24] FIGS. 5A-E illustrate aspects of an embodiment of a leadless IC package at various
stages of a manufacturing process;

[25] FIG. 6A-C illustrate various views of an embodiment of a leadless IC package
having two rows of bonding areas and multiple rows of contact areas;

[26] FIG. 7A-B illustrate various embodiments of leadless IC packages having a die
attach pad;

[27] FIG. 7C-H illustrate various stages of a manufacturing process for producing various
aspects of the Ieadless IC package of FIG. 7B;

[28] FIGS. 8A-D illustrate various embodiments of leadless IC packages;

[29] FIGS. 9A-C illustrate an exemplary embodiment of a leadless IC package having two
IC chips in a flip-chip and wire-bond arrangement;

[30] FIGS. 10A-B illustrate an exemplary embodiment of a leadless IC package having an
air cavity therein;

{31] FIGS. 11A-B illustrate an exemplary embodiment of a leadfrare of a Ieadless IC
package; and




[28] FIGS. 8A-Dillustrate various enbodinents of |eadless IC
packages; [29] FIGS. 9A-Cillustrate an_exenplary enbodi nent of a

| eadl ess | C package having two 1CchipS in a flip-chip and w re-bond
arrangenment; [30] FIGS. I0A-Billustrate an exenplary enbodi nent of a
| eadl ess | C package having an air cavity therein; [31] FIGS 1l A-B
illustrate an exenpl ary enbodi nent of a | eadframe of a |leadless IC
package; andf2 [ F2GS. E2AGH shdwpyAllkdtrative webddinhents bf atribusdCoadiogticomiizu i

vari ous | C package, confi gurat i nd a chart of the nunber of 1/0
connections for g&%‘%" é‘i"‘rﬁfggq %H@ o) PETeSERSON OF THE

PREFERRED EMBODI IfENTA 1T 33 DESCRMI@@WI‘I@E%&:I@ER&EB

invention will now be described nore fully with reference to the
acconpanyi n{3tr awiViage:s eFbinaniefithe presentiyventvawal aew bdxesceibbntirethily with

many different forns a gléeshould not, be CI?F nsfrued as limted to the
embodi ments set “FOPFROAGASTCRPaIEiEvings HBe WHHER Bahieverebasmbodiskn
so that this di sah@sd#fentdrhs H@ shdulioPiQbhn B .6 BIRIAL Be eﬁmﬂ&{s s st

fully convey the scope of the invention to those skilled.
art. [34] Ref er r fon§ hereiw mtberRh@8nbogiteeB; ammMm@mhaoﬁnsalrsclemuﬂmnt of

a |l eadl ess | C pagk 0 G 3Ais tQp vie ftheIC
package 300 bef oglelag%caélgg%nfpatl onc{]%ﬁ’g’lnyﬁ?lt‘iey ﬁsoP%eogﬁéci émb"i“é%g

cross section ofskﬁltteldtﬁ‘emckage 300 of FIG. 3A along line A-A In
t he enbodi nent shown in FIG_ 3B, the | C package 300 includes an IC
chip 304 dif$hoseRefPHngnevenFIGY. 3pdh roorevshor %I?Pele@anﬁ@f(@gedl@w raskdze

cover e_d by an e n@%%%%l%;ﬂaﬁﬂ}eégn})aot a}PQ&& Qﬁheal%%(a&a%enitoﬁ (geflo53 encg&sgﬁtugl ang

el ectrically couple ern dev
PCB, through a pFIiGr 38 Istayidetick ef airoma k@ tiontd s IC BAcRAB3D0 of KW I IAGIAg line
bondi ng area 318, a_contact area 306, and a netal trace 322 coupling

the bonding ar ed4siahs gnbodimeptshevatip FIGt. a8, g6 pagkaes 198 inshidesan Heehip

shown, the el ect4gsGa &gg@gﬁg&j g onds 314 to
connect the IC chip %SZ to t IQ)Eﬁn |tn6(i:1ic reage%]%&g %reff%})package 300

al so incl udes a gqubapsddtion yongfounmiei08 knd adgteiso Be2Pectrically coupled to an external
device (not shown), such as a PCB, through a plurality of terminals, each terminal
having a bonding area 318, a contact area 306, and a metal trace 322 coupling the
bonding area 318 to the contact area 306. In the embodiment shown, the electrical
connections are formed ueing wire bonds 314 to connect the IC chip 304 to the
bonding areas 318, The IC package 300 also includes a plurality of metal traces 322
routing electrical connections from the bonding areas 318 to contact areas 306. In this
way, the distance between any two bonding areas 318 can be reduced without having
to reduce the distance between the corresponding contact areas 306. For example, in
FIG. 3A, the distance between centerlines of bonding areas 318A and 318B may be on
the order of 0.2 mm, but the distance between centerlines of corresponding contact
areas 306A and 306B may be on the order of 0,5 mm. In various embodiments, the
number of bonding areas may be increased without reducing the size of the IC chip.

[35] Referring now to FIG. 4, a metal leadframe (LF) 424 is shown having a plurality of




routing electrical connections fromthe bonding areas 318 to contact
areas 306. In this way, the distance between any two bondi ng areas
318 can be reduced wi thout having tor Yuce the distance between the
correspondi ng contact areas 306. For exanmple, in FIG 3A the

di stance between centerlines of bonding areas 318A and 318B nmay be on
the order of 0.2 nm but the distance between centerlines of
correspondi ng cometd traceadBfemBO6 e @nof3RGIBavA Yn oee embdditenal €err 4 0. 5
mm | n various enbo ine%ts,, h nunber of bondi ng_areas may be

i ncreased wi t hout™¥e8ath Ff@“tiﬂlﬁiéﬁ% mytal shget. Regesser420mag be syl infeshatop i ng
now to FIG 4, a siicabs thSaedoudEprbdefimifdbatesn S%E!Peﬁ/% tﬁéqe{éftﬂ Bacds PhULahe tY
of 10 netal traces 422 fornmed on a top surface thereof. In sone
enbodi nent s, t he r¢oRingportippyofites meetad LB 424chatvicad thyrefdsst 426 bsashovahie Bktail
Recesses 426 may ed into the to surface of the LF 424 in a
pr edet er ni ned pat‘Att} 'glfl Eicg H ttﬂe P rage g”ﬁé‘%&?‘”’i gs5baded ppstions,pfdhq 24 and the
remai ni ng porti oRGesdds 06 &c BRba ks Adi-sfAda RtoneSnd eIl 8088 SRS 426 (as
shown in Detail A). In FIG 4, the netal traces 422 are shown as
shaded portions &Rbediecnt s shpma haviek & gadiculpgeiss ewy MigBerarf patisnomay l&s

non- shaded porti h ALt hou enbodi nent i s.shown
havi ng a particu?%%ﬁ%%?ﬁggﬁ%ﬁgﬁéﬁﬂ%mlg mgggﬂggfg?ggm%ﬁ§mﬁﬂﬂﬁéﬁﬁﬁ@6
into the nmetal LnckasporBonel thomadeass 4h8rdifd th¥bdighdPsrdhd1ehdt:anddd4) 43
chip may include _portions of the nmetal traces 422 around the

peri phery of theViEdricehgd inmare detall bejgw, pontsat aras ¢06ifereteeidpaliyseuslintmai |
bel ow, contact a i I | i .an 1 C chip.to
correspondi ng coﬁ?gé%%BQT%ﬁédﬁgggkégﬁﬁ%§¥aggﬂﬁﬁﬁg%%%ﬁﬁgﬁngﬁm%%%3§ﬁte
end of the met abfthemadsrad? 22X froaithé breding mekis Ay, & BGS4, 41 8t thé dvnfabi@ead,
all of the conta%} reas 406 (shown as squares) are interiorly

di sposed rel ati ve"4@OWREs WEHER i imedidispesd relatigGieferbonding agass s
embodi ments, SOoNBy®dvel P ' irectly
bel ow t he bondi ng areagﬁﬁﬁﬁﬂgéﬁﬁgg&E%éﬁ?gﬁgggﬁgﬁﬁ%%§@§?§9P$oé0%&e
bondi ng areas 4digctyhwkordbe bondinpseas gHcorynapbe dikpesel butéd2dily ffodbthe bdading
general, when an | C chip i.s.nmounted on LF, the portion of the LF
bel ow the 1C ch?ﬁwﬁ@ﬂPQFgﬁ?%H“@%mggﬂﬁ&ngéattach area (DA area).

After portipes of maedesd viidh hideenhis hdified bffo aﬁﬁ%etbgﬁfan SELELE LY te 1C

etched away, recesses are fornmed in the LF which define
chip is referred to as a die-attach area (DA area). After portions of a top surface of the

LF have been selectively etched away, recesses are formed in the LF which define
metal traces which have raised surfaces relative to the recesses. When an IC chip is
mounted onto an LF having recesses that extend into the DA area, the IC chip will be
supported by the metal traces defined by those recesses and voids will exist between
the IC chip and the recesses. To secure the IC chip to the metal traces, an adhesive
coating may be applied to a bottom surface of the IC chip. In some embodiments, the
adhesive coating may be a non-conductive adhesive coating to electrically isolate the
bottom surface of the IC chip from the metal traces. After the IC chip has been secured
against the metal traces, an encapsulation compound may be applied, for example, by

molding, dispensing, spraying, or other encapsulating technique using, for example,




metal traces which have raised surfaces relative to the recesses.
When an IC chip is nounted onto an LF navi ng recesses that extend
into the DA area, the IC chip will be supported by the netal traces
defined by those recesses and voids will exist between the IC chip
and the recesses. To secure the IC chip to the netal traces, an
adhesive coating may be applied to a bottom surface of the IC chip.
I n sone enbodi menpesy, siisene, adthersinvapswatiag inargrishwycotee tha IQ ciip ednitkhetal ve

adhesi ve coating to electrically isolate the bottom surface of the

I C chip from t he A&t ﬂ’ld?? @L@‘é‘écf’eséffrb&ﬁ%@w]}“@n%ﬂﬁﬁg 5%01%33@We§‘b‘€%‘i‘3%m

agai nst the net alisiokeiGR e DANrQREAMS K @kJ. on conpound may be appli ed,
)] . i

for exanple, by nolding, dispensing, spraying, or other
encapsul at i Bgl t ecRefeginenersiodEss. 54:D. espasipifen emodingpioofyn IGpackagonaarions

ot her encapsul at terial cover the IL.C chi nd the netal
traces and to fi %t%f%n?ag%%st@égpfoﬁ%f ﬁ%s‘ﬁ’ﬁ’?-lf’ﬁfé‘tﬂa% ‘ﬁ'ﬁprf"i’efsletieﬁlﬂs Vi
voi ds between t hfemaresss a6 FIG 5BARSS Gaden552MeycDlendtaRd 8P farkidl§ clfnsop -
[37] Referring nowto FIGS. 5A-D, aspects of an enbodi nent of an IC

package at vari off&facef BigLE SHF to srepip Fragsess 626 definjnpiho metskiraarsS 23 Bowking | n
FIG 5A, the pro I i F,524. | | G, 5B tal
traces 522 have %g%r%‘z%‘)%?%r%% b\t%J %géradtt? gﬁr@&é} %hagﬁ"gﬁage %&% mestﬁ?rf’dﬁﬁtgﬁbf
the LF 524 to cr'8stbendigcenstds ih@be dehidtyngpliiies toabmle hdt@RES the 2dtal

Bondi ng areas 528 hjg e %I so been added to a portion of a top surface
of the metal tr LS b3ueh styer ipik, AGIET Ak SRR ey ASEVE MG,
appl ying a bondaky RF bifdr bbitabiP Ay prbs! 1 3 r
exanpl e, a plat edhgefr%?ad m§t al asugjﬁﬂgg%@gﬁlée#g%ilé%%gsglaggs?ﬁ%’f?wjeg
copper (Cu), or tothdF SBbwritetah edeeiteemitalabiio) for exhifiple, afepoan Ih Snehi p 504

has been secured .tq the LF 524 usin n adhesive material 510, for
exanpl e, an epox§° lﬂlm%rtpéad@ﬁ%ﬂf‘tfﬁ?ﬂ? ‘may baappliflde pyentirosem srfac

nmay be applied ttﬂel@ﬂ:h%@m beorb Qi 1O RIS H WfoRG& 10 he DANGeal P RIFB2 P Ao RET OT €
the 1C chip is nounted to the DA area of the LF 524. In sone

enbodi nent's, t hemhadimsity Gepditceird miterBl H0may ownbyappledappriied of e bottom
o oL " R e S b S 0 g 200 o
chip may be el eahduhte@iolde IF0HP] RACRiptnhh® bOQRGAT, RtHEF0 1RFEndHSRased
outside of the DA area. In the enbodi ment shown, wire bonds 514 have
528 disposed outside of the DA area. In the embodiment shown, wire bonds 514 have
been utilized to provide the electrical coupling.
[38] Referring now to FIG. 5D, an encapsulation compound 508 (shown as shaded areas)
has been applied to encapsulate the IC chip 504 and the wire bonds 514. In addition,
the encapsulation compound 508 has also filled in the recesses 526, including the
recesses 526 disposed in the DA area.
[39] Referring now to FIG. 5E, a bottom surface of the LF 524 has been eiched back. In
various embodiments, the etching back of the bottom surface may include etching
portions of the LF 524 comresponding to the recesses that were formed in a top surface

of the LF to thereby completely etch through the LF at those areas thereby exposing a

bottom surface of the encapsulation compound 508. In various embodiments, the




been utilized to provide the electrical coupling. [38] Referring now
to FIG 5D, an encapsul ati on conpound 52% (shown as shaded areas)
has been applied to encapsulate the IC chip 504 and the w re bonds
514. In addition, the encapsul ation conpound 508 has also filled in
t he recesses 526, including the recesses 526 disposed in the DA
area. [39] Referring nowto FIG 5E, a bottomsurface of the LF 524
has been etched rérblog bigk may includegchingipodipmsefi saane of the metabtrcesginbbank of

t he bottom surfac i.ncl ude chi tions of the LF 524
corresponding to 1 bga %E%Ség‘%’g%nsf’ﬁtg?mﬁ@g%ce?g#%ﬂ eﬁoaéedt“ii'gaﬁ}fkfré’& of
the LF to therebymsamryze!settyas ShicRakl, 8 Bigil fldiRg 533, AlsohDARRIRIRRS:

t hereby exposing a bottom surface of the encapsul ati on conpound 508.

I'n various enbodibruing af bogtera surfaces ef thévingig) tiaees R22magy bie nichaddeckde brhi ng

ti f ; | el di ti
0 the met al b acaeehBy B Rl R eu PAlE e B

528, such as, forenﬁmmhﬁap@temhadati@ﬂphﬁ?béﬁi&edtb[11 SREFr SR ARYY &
a portion of bottom surfaces of the netal traces g22 maybe et ched

back to be substlgTF@IIys en with a bottom surface of the _
encapsul at i gy | ay §eren8 nod b SOTRA-ETRRIL HEDL 5o 13aR% X Sk Y Sof2at | NY
ofAb Taded ot T Pie me?

529 may be added to a portion ottom surtraces o al® traces
522. [40] Ref er r istugmnfiG. 60iskliEpSiewtoAHS IC yarkige G660, Foral&ripive ub®og e sse | C
package 600 are _shown. FIG 6Ais a top view of the |IC package 600.
For descriptive Bﬂfllﬁf%?&%t,sm‘l"f?éﬁmg\ﬁ”fbéan Whire et the @capstlation eampori OB Mdan an

outline of the eB&ﬁME@kiaﬁé&h%@%ﬁQ&%@&%ﬁﬂ cﬂiguadchéa?%tgé ]t%argi e

attach area (DA area) 602 where e ICchip attaches to t are
shown in this vi ewwajmthishicy. Bridocibodinent, anubukero! teoningf hatieg hondial s

havi ng bondi n are 16 disposed directly over correspondin
cont agt ar eas ° 60 %refsg’;%%ﬁp"é% disfg%lﬁ 8G* “frfcfpégc%‘ ‘E‘J"’mé‘fté’("?i‘srqroé é%?‘?/n ‘E(S‘%BF‘Ed

via netal tracesiifednddbuRAly RS Vi QM4D frade 86N RBLSnneP RV R 8rRandi ng
areas 618 laterally renmotely di sposed fromthe correspondi ng contact

areas 606 and el bvmgibeudinzyreao@i§|laaallyirematey diposeddvegheG@Besphsingamtive

o e L oSO 5 S B 8 AL 0l e o
of bonding areas 618 may be routed to the contact areas 606 below the DA area 602.

[41] Referring now to FIG. 6B, a side view of a cross section of the IC package 600 of

FIG. 6A along line A-A is shown. The IC package 600 includes the IC chip 604 having
an adhesive layer 610 disposed on an underside thereof for mounting the IC chip 604
to the metal traces 622. In some embodiments, the adhesive layer 610 may be formed
of a non-conductive epoxy material. In the embodiment shown, the IC chip 604 has
been electrically connected to the outer row of bonding areas 616 using wire bonds 612
and to the inner row of bonding areas 618 using wire bonds 614. In the embodiment
shown, metal traces 622 form an electrical path from the inner row of bonding areas
618 to the contact areas 606 below the DA area 602. The encapsulation compound 608
(shown as shaded portions) can be seen encapsulating the IC chip 604 and the wire

bonds 612 and 614. In addition, an encapsulation compound 608 can also be seen




[41] Referring nowto FIG 6B, a side view of a cross section of the
| C package 600 of FIG 6A along line A A is showmn. The I C package
600 i ncludes the I1C chip 604 having an adhesive |ayer 610 di sposed
on an undersi de thereof for nounting the IC chip 604 to the netal
traces 622. In sone enbodi nents, the adhesive |ayer 610 nay be forned
of a non-conductive e‘g_gxy material. In the enbodi ment shown, the IC
chip 604 has bedipestdiatheiaea btlgw te Hnein @Y betyyeentike rowialdaces 623- of bondi ng

areas 616 usj,ng w bonds n o the _i.nner row bondi ng, ar eas
16 st ng Wb boReeR oY (¢ FiE c Bherkh bl R ausk R o) o B PRl e 625
form an el ectri cabttopddulFade 0Ot IdWACKBOGN ificRMiEsThe PAOMELILABN BInGRAEnd 948 t O
the contact areas 606 bel ow the DA area 602. The encapsul ati on

conpound 608 ( sK&N\H adonphaekslpossions).itheriagal Fapss &2 (Shewn asshadapaartions) g
the 1C chip 604 A 1 14.. |.n ition
encapsul ati on co%%g%&rﬁ%%é% 6@%@%&{;@%%;3%@5%&;%@5&'%% 6%@%3% eln%r)\ShP Wgr&léer ea
bel ow t he | C chi pontddardae todeedind the pdtphay oflthelCeackagels00 bré 2packip@f 4tlang
now to FIG 6C, a bottomview of the | C package 600 can be seen. The
bott om surface oPrefgEmingd Fsities Jrsamgompefinapselectrethan isap squting ofdhgse
conmpound 608 (s - I L“( 622
(shown as shadedb%gratts’latgi?]sg?nﬁﬁggﬁf%%%g%h?%mﬁﬁogg&s [ %@1 &é{ﬁ%ﬁ&as

non- shaded squar epjratidnmequirei teriepddlBresiin phudfivationk e the enbddandnt shbem $he606
around the peri pherI[\J/E of ?26 [ ackage 600 .are sglg(;ed apart at a
predet ernined di TPtaeeees 6P HPrey _ né}?ff)té‘ FRBfEelon i g dgerirps pbopding pyeas
routing of thesegsGomk 8&Rs ardal 66 GHpSlARffer tH@MAQﬁa,Qiﬁ@ﬁB%ﬁqe A& RovPbs
equal to the mninmum di stance of Separation required by the PCB

desi gn speci f i cabinding aredsrp18 focbe eqrbowi biekss twh Gwminitinm dismpteatquiredydse 622

provi de an el ectygical.connection fromthe.inner row of bondin reas
818 1o the cont ake el Samearephlsalh bt HontR Re eaS Rarp g IS he
inner row of  bomgnifnéh eidEne %%ntf@m&acmgm%ﬂo@éi L@smul BBR eleBfical
m ni nrum di stance required by the PCB design specifications, while

still allow ng t¢panastens sohe esfpldished geweanan Kevhip mounted joata $te LEtahdtherPGR num
di stance apart fromeac her . i.s allows significantly nore
el ectrical connec ‘iv%%stg gf%gkaé%@ﬁﬁ?%“ﬁég bet ween an 1 C chi p nmount ed

onto the LA4®Nd tReerRhBnowab FIGIMA ikt B, i vids B 880 A o3 aRIALISE:

700 are shown, For descriptive purposes, wire bonds are not shown and only an outline

of an encapsulation compound 708 and an IC chip 704 has been shown. In this
embodiment, recesses 726 have been formed by etching away portions of a top surface
of the LF to define bonding areas 716 and 718 and metal traces 722. In addition, the
recesses 726 have also been etched away to define a Die Attach Pad (DAP) 702. In
various embodiments, the DAP 702 may be a central portion of the top surface of the
LF onto which the IC chip 704 may be mounted, In the embodiment shown, the Die
Attach Area (DA area) is the portion of the LF to which the IC chip 704 may be
mounted and may include both the DAP 702 and portions of the metal traces 722. In
various embodiments, it may be beneficial to include the DAP 702 to provide heat

dissipation for the IC chip 704, provide structural support for the IC chip 704, and/or




[43] Referring nowto FIGS. 7A and B, top views of two enbodi ments of
an | C package 700 are shown. For descri‘pti ve purposes, W re-bonds
are not shown and only an outline of an encapsul ati on conpound 708
and an I C chip 704 has been shown. In this enbodinent, recesses 726
have been forned by etching away portions of a top surface of the LF
to define bonding areas 716 and 718 and netal traces 722. In
addition, the reewidseselg@irahgioumdfirdo 16 i 7®t Bh exhnpivain theenbefinae a
Die Attach Pad (Qﬁ@n 70%&1"' n var.i. ous errbo(g}id[l;re ts, the DAP 702 may be
a central portion Of FHEHEHE! S iatoen proyided by plechically sopliog meRbirace
chip 704 may be momhedpAPyothe enbodi nent shown, the Die Attach
Area (DA are%)QH is the portion of the LF to which the IC chip 704 may
be nounted4hd mBefingne o Bt B, eheniDAimene? tha Feipaokagt 7@ teviog twolews of

metal traces 722, _|r J odi ts, it.may be bepeficial tq

i ncl ude the DAP 'P8E %goaye%lg)\%l% 3%5181&515}?% _tﬁiéetﬁ’%ﬁx‘%Sg?petoﬁg‘e}’@dﬁlﬁi‘“ﬁas?'ﬁ)4,
provide struct ur ale fid pyxois Hiftb@ft tha @helslee &l sRapd Okhe RAGHSLrealdh thIeBOHI By, AN
el ectrical ground for the I1C chip 704. For exanple, 1n the enbodi nent

shown, an additi SRlesHPEGREPPKS Wie bepdpre potdeayniayd aslatquiliva b the

coupling netal trage. . Referri w to FIG
7B, an embodi nent 0 utag]e IE#%&% (ngae@%g@ﬁiéﬂoﬁélstb\?\%nsg%% Fﬂg‘ﬁ%}?\vfﬁang
areas i s shown. Imgtifiidyiesntdméerbomnting didaefos izttt o Bape: Bfas theeondi ng
areas in the first rowis different than the size and shape of the

bondi ng areas i nPRHEeLEL DRGL P shows ampenitieldey of threpdopling s for tw rpws of

bonds are not sheywmc.aRd . u L OF ound
708 and Che 1 C iy s ae Komeik 1R ok i ATERE L b RRARIR

vi ew of three bo#htf agdiswpwddirdcdy owntho uinert areaw706fand thert fartthedeftarting of thé he

| C package 700. tail ho a nifjied view of three bondin
ar eag for two rond Ig\gm%sgr@%%ﬁﬁﬁéggg?aﬁtﬁéetsﬁr@e Jigtange piidistangpbetygen %an

be seen in Detai tenfrint 12 tReAMcNGeREA RS ca%%@séﬁﬁ@taﬁ@?ﬁﬁ@mﬁ?ﬂg%%ﬁé M6
over the contact areas 706 and therefore the centerlines of the

bondi ng areas 718dfl&mapke spisatdebertpgether wive oseanfthedirsicanes it dikpesed
t areas, 706. As can be

O e R bt 5 B 5T B e B T

toget her when ongayfe férhed RO PLE 7R1EASLiES HUowdk P ORESulation material into
otherwise isolated or hard to reach places

[45] Referring now to FIGS. 7C-H, side views are shown of Detail A and Detail B during

various processing steps. In FIG. 7C, the recesses 726 have been formed in LE 724 to
define the bonding areas 716, Additionally, the top and bottom surfaces of the LF 724
have been selectively plated. In FIG. 7D, the encapsulation cornpound 708 has been
added on top of the LF 724 and the recesses 726 have also been filled with the
encapsulation compound 708. In FIG., 7E, a bottom surface of the LF has been
selectively etched away to isolate the bonding areas 716 from each other and define the
contact areas 706. As can be seen in the embodiment shown, the bonding areas 716
and the contact areas 706 have substantially the same diameters. Even if the diameters

of the bonding areas 716 were decreased, the number of the bonding areas 716 that can




directly underneath one of the bonding areas 718. In sone

enbodi nents, a channel 703 may be forngd in the DAP 702 to
facilitate the flow of the encapsulation naterial into otherw se

i solated or hard to reach places [45] Referring nowto FIGS. 7C H,
side views are shown of Detail A and Detail B during various
processing steps. In FIG 7C, the recesses 726 have been forned in LF
724 to define t P& disense ing sixpreanes ivstil limierty theonwaibenof the hentachaseas AP that
bott om surfaces ; : been selectively plated. In FIG
7D, the encapsulg%?%ﬂﬁ%%ﬁ%éﬁ% “ggé%ﬁhs been added on top of the -LF

724 and t he [46ces Referrifig Goh avRetal B of HIG.M, thirk is@BowM 4 Haghifi€d view of one of the
encapsul ati on con&gﬁnd 708. In FIG 7E a bottomsurface of the LF
has been sel ect PO¥IRE 3BptHEAT ainek! tags ingippsat betwora tioefdhierhgndinacass 7166

from each ot her @%g%ﬁthd? Qre&s%(i dﬁe@ﬁ'} tﬁ&gbe%) gﬁ%%e;eg:\%?ﬁ@lgnt Qvngtge Bondin in

t he enbodi nent shown, the bondi ng areas e contatt area
706 have subst antiea 11§ atd 8 smieeated aretednsface DY RO LF ind ASShE R4ERERRSles Of
t he bondi ng areas %6 wer e decreased, the nunber of the bonding areas

7 :
716 that can 15 *BE"4TLAG2EE 1A 21§ dpesetorarherom sugeq of fooilFgnd aeisoym ehe
nunber of the coBidGIARESESeA0E DRl th&@{at%?g tgc%?l%)gﬁ)itﬁ%g'eds 714 D8 79 Kel

areas. [46] Referring nowto Detail B of ere is shown a
magni fi ed vi ew ofnngmew offbondieg arépe hatie hepnaeoxmsed 7dBivefo the wadiag artas afthe

i nt erposed betwe two, of the ndi.ng areas 716 _haying contact areas
706 d rect Iyt hes BBET B e EHO TRl BreRih Lo afet O e s Aari7ge oo e s
716 and 718 are hoecallefh@thewidOp ol oG aRfs 70bShd HondRak §165R8 M a5
rectangles and the contact areas 706 are di sposed on a bottom

surface of the LI dsnasedelasesivastier gen the pongctaeas 709, Sdditidnallysmendei 1o Det ai |

B, the wi dths of | areas .’ and 8 in.the inner row of
bondi ng ar eas ha%etgﬁgsggl%@@é:g?e(%seggaep ggagmtgia\rfés —Z% a?%ﬂgbaoﬁ?ﬂﬁaﬁdreﬁﬁ%éﬁn%f
the outer row (disoshdistly BenPgh Bindindhrea B@Cause the wi dths of the

bonding areas 716 and 718 are smaller than the widths of the contact
areas 706, e boRdFHE oMca EIGH BF-Hnuigumgtage of 2 methetl forfomeint th¢ bmding

e e B R Al A Ul s Bk

area 706 is not adilepndBEl 7ish@GtlpyribestaattF 120 btk A Gopat@ie ¥kBeen partially
etched away to form the recesses 726 in the LF 724 defining the bonding areas 716, the
bonding areas 718, and the metal traces 722 (one shown in Detail B) extending from
the bonding areas 718. In FIG. 7G, the encapsulation compound 708 has been applied
covering the bonding areas and filling the recesses. Additionally, metal plating 728 has
been selectively applied to a bottom surface of the LE 724 below the bonding areas
716. In FIG. 7H, the bottom surface of the LF 724 has been selectively etched back to
remove a portion of the LF 724 disposed below the bonding areas 718 to electrically
isolate the bonding areas 718 from the bonding areas 716 and the contact areas 706
disposed below the bonding areas 716,

[48] The partial etching step may be carried out by any number of etching processes, such

as, for example, coating a top surfaces of the LF 724 with a layer of photo-imageable




[47] Referring nowto FIGS. 7F-H, various stages of a nethod for
form ng the bonding areas 716 and 718 gnd the contact areas 706 in
an enbodi nent of the | C package 700 are shown. FIG 7F shows a
portion of the LF 724 after a top surface has been partially etched
away to formthe recesses 726 in the LF 724 defining the bonding
areas 716, the bonding areas 718, and the netal traces 722 (one
shown in Detail  Bichegisihdi aﬁgphq’c@magetahle emmihnghoarreas gl Be spinreokibd@anto’ G,

t he encapsul atio s i ed. covering, the bondl ng
ar eas ang filli ngl ﬁ‘ne ré%ggx o%ed %@Eﬁwﬁ?%ﬁg[ﬁﬁ garﬁ?{)t&ﬁc"]gl"ﬁ‘f”lgﬂ CFBRPSHh
been sel ecti vel yp&ﬁﬂislaﬁbdhdnﬁ)exﬂov@d)tl‘h%hibbﬁsi ReRredf pdittBedb FI%% etﬁ@{'eg%’seg he

bonding areas 716, In FIG 7H, the bottom surface of the LF 724 has
been sel ecti vel y 78t EHBRfopaEkeetd the LB 724 SheaL [t st etphed; breeithé iffi@drsion

di sposed bel ow t 1 I ect.rical t he

bondi ng areas 71 P?%g@nﬂ%ﬂ% agot nﬁlyg?&ee%sf %8&%%eatg hgﬁ aélgifgaaé’%%ﬁrméﬁ']s

706 di sposed bekaws Ymm&rtﬂmigtraery&mwﬂtﬁppe&Me]yu?h@coﬁ%nhbrﬁi m&hghi ng
nunber of etching processes, such as,

step nmay be rried out by a

for exanpl e[‘&ﬁoat %ﬁfﬁmé‘g P‘B’bt"sFEqXS &6d3 vyfous WOE@ewarewom agillpstgiave of
phot o- i mageabl e LGmpRE &holBsi a?éldé:c}ﬂmaq e %ﬁbe OX¥.1 The
photo resist may be spi nocoaté‘% onto b B %7%5115 e%g%gaugfgl H'X 0

ul travi ol et | i ghtacesinrepiencidnotithI€ @mﬂkageWMgWhoﬁh&nﬁt@ﬁﬂﬁﬁﬁdRefﬁﬂﬁgﬂo@ns

are then rem)ved etch resi st atterned to provide the
recesses 726 on’ F:f% P&B’&Iém&?“ H’é" @%9 a"mﬁﬁ‘@"{qﬂﬁﬁg‘i@mi%h

et ched, by eltheitackéﬂ@&ﬁﬁQﬁof@éot@ér%ﬁﬁé@éeﬁ%ﬁer@@lémemﬁ £04P8f ok Aot is
pattern the bonding areas 716 and 718 and the netal” traces 722. The
etch resist may TeEfsdiemelpliiages exerdingyndgsthalf cdipnRefertingmat to FEABS, an[ 49]
Referring now to, kI

illustrative ex%rrp?ﬁem OAmﬁ I(\:/\Pab%aﬁ&F@dlagp%‘g‘étwé’ﬁ}:ﬁ@%%d'shoqﬁ%bemﬁ?e“&nq}

may be routed usintep dfelcdther éahBE RSN, IAR v&PﬁHdé&ﬁde%mWefanﬂ SelRARK BGRM
havi ng various confi %ur ations. Referring now to FIG SA an

enbodi ment of anCckiPFathia e Bmchinerafigiption®efeding hip © BOAL, ancntSdidibnt

stacked one on t the 1C.c 804b on
the bottomis ndglﬁ}lr?? égsl}ti}%ge%@ﬁaﬁm raclle&%h@?(?daﬁé%%%% edﬁ‘ﬁ%gi %‘3&‘?1’1‘ p.
Ref erring now t anfifi-Ghip SiBdula@ICreytantk FBNWhE tht AeboifmepatkagenR0mbaw ng

the two I C chi ps 804a and 804b stacked one
C chips 804a and 804b, a plurality of IC chips may be mounted to the LF. Referring

now to FIG. 8D, an embodiment of an IC package 800 having a system-in-package
configuration where an IC chip 804 is mounted to the LF and one or more passive
components 830, such as resistors or capacitors, are also mounted to the LF. While the
embodiment shown contains one IC chip 804 and two passive components 830, a
plurality of IC chips and a plurality of passive components may be mounted to the LF
within an IC package.

[50 In the past, it was costly to utilize contact points and/or passive components between
two IC chips or between an IC chip and other contact points and/or passive
components because the points where they connected to a PCB were surrounded by

other contact points. In order to provide an isolated electrical pathway to the contact



on top of the other can be seen. As will be described in nore detail
bel ow, the bottom I1C chip 804b is in a flip-chip configuration.
Referring nowto FIG 8C, an enbodi nent 7 of the IC package 800 havi ng
two | C chips 804a and 804b nounted side by side in a nulti-chip
nodul e (MCM can be seen. Wil e the enbodi nent shown contains the two
| C chi ps 804a and 804b, a plurality of IC chips nmay be nmounted to the
LF. Referring novintG skdo@l or8iiyd Iaynr efmPadi wie ndcesodry avhich Eigrﬁ%kagﬂcr&@da

having a systemin-pa e _configurati on wher | C chip 804 is
mounted to the LPARS ?Pgtsd%yuﬂﬂ%l&g lﬁ%@éfﬂ%mf&%ﬁ%%@ﬁ?@ld@g@om%taewthag
resistors or capagehdod) s ex@:ﬁﬁe,%h&?m@%%"é}eﬁ%élé?edteﬁb%mlcﬁcon\%!iutn% bl
enbodi nent shown contains one |IC chip 804 and two passive conponents

830, a plurali t ystablishe@witimupthe alded expgbentatilizing nofltigal 3 Mgerconponent s

vae costly P8 ut i Rragngemr iChant o MR Hhauhomtutmimanpes o

between two | C 6Bhi%gMWo RELHRON4aAR $04H 6dMpRRa &J@G{hé?‘iﬁ'ﬁh CRPEREErRRL B S
and/ or passive conponents because the points where t%ey connected to

a PCB were surr osh‘m’edﬁmn begsetren FLCbﬁBabftICrybxpﬁﬂ@ Onlbntt@uhbebeﬁm@tt*p}hml de
an isolated el ecgr I&@v ﬂ%eecMc%icon?acgsc\ﬁn%:ag al% b gﬁetc’ixmque 8@1 Ond or

third layer of a"'PCE Wa¥ netes §AY

producti on cost sexaﬁylemuekdnzm@gonapa@bfth&m‘cﬁ@ 90% dromdﬁleomércaﬁmpmﬂ&ﬁ @i ng
point to another |ocation, for exanple, under the DA area, isol ated

el ectrical conne®ay weflansd ifend wappehpirasre of T dlersisel comectepd thed Felogens e
f outil | A- C,
an 11l ustraci ve SRR EHRTC cip Qb ol b By b\BAel ity & 1

| C chi ps 904a anhbnaﬁghrea;;@ﬂl@qud:sddagmﬁmepenpmquﬁﬂellppmmga 90@ et tticdd i on

is shown. As can be seen in FIG 9B, the IC chip 904b on bottom has
been attached dPFeRefilizeg & Rrﬂ‘édeélleé@f’ﬁlF?P&Fcueréir?f:’é{“éfns‘h%%l}“ﬁlgy §f opdipg ch| p

bondi ng techni qu , |
the IC chip 904b§e¢a8%tk§%ﬁﬁ%%g?lgﬁp%ﬁ§?s&t erhg)kﬁbf @fe% B)gﬂ'rge ovved

to bond to upperbwmmaﬁmﬁCPMagDMnbmbn tI‘hmhaﬂthe@E‘ZZ(blm“»lnEs I n

the enbodi nent the 1C chip 904a on tqop may be w rebonded to a
plurality of oﬁila‘%ﬁgu RQFieRs canles SB“I%B‘EP%‘%th%‘P%‘GW&l afaasd@alwbﬁerww ol 1 C

package 900. MetgdpaliaBCRB to the FC contact points underneath the IC chip 904b on bottom.

[52] Referring now to FIGS. 10A and 10B, FIG. 10A shows an embodiment of a LF 1024
configured to be used to create an air-cavity IC package, and FIG. 10B shows an
embodiment of a completed air-cavity IC package 1000 having an IC chip 1004
mounted to the LF 1024. In FIG. 10A, a top surface of the LF 1024 has been partially
etched to form recesses 1026 and thereby define metal traces 1022 disposed between
the recesses 1026, Metal i}lating 1028 has also been applied to bonding areas on a top
surface of the metal traces 1022 and to the contact areas on a bottom surface of the LF
1024, An encapsulation compound 1008 has also be applied to the LLF 1024 such that
the recesses have been filled in with the encapsulation compound 1008 and two posts
have been formed extending upwardly from the edges of the LF 1024, The completed
air-cavity YC package 1000 shown in FIG. 10B was created from the LF 1024 of FIG.




may be utilized to provide electrical connections between the
plurality of bonding areas 916 and the contact points of the flip
chip (FC). Referring nowto FIG 9C, a B0t t om view of the 1C package
900 can be seen. The netal traces 922 (shown as shaded in portions)
can be seen coupling the bonding areas around the periphery of the

| C package 900 to the FC contact, points underneath the IC chip 904b
on bottom [52] ReAdéy rdiadngroW thip FIOEH. thd LFOA2&md widd Bondirlg@e ICQHp 30M0US
an enbodi ment of a.LF. 1024 conf ] ed to be used to create an
air-cavity |C padidgiinergs %fftﬁr}“ﬂll%g'éﬁ%%“a%ah@%&ﬁ“ﬁéﬂ{cd gfrosg the tops
conpl et ed ai r - cavrty pdsfs tPReIKRA! i : I ed
to the LF 1024. In FIG 10A agtp%%g) 2 chiitiaéh ity oot e 10 0HEp 18R AL
partially etcheddmey boiomed efewliématti Sichmlfor bremeloymae fHlatc, gedsal

traces 1022 di spgsed between.. the recesses 1026. Metal plating 1028
has al so been apg%f%éla’ %3 %S%Dﬁaéenﬁ:{oé§§°rﬁs)tf‘?’aﬁml%ﬁne%rlﬁ‘?of“a‘tf@eﬁﬁm%t%’élswet al
traces 1022 and haditifiRIg @BstRE! sufi@dSthONR F2lp 8lsthoMm aHtd 1BGEo Ahitche LF
1024. An encapsul ati on conmpound 1008 has al so be applied to the LF

1024 such that FHECtEERYKdhe mofajéadseen filled in with the
encapsul at i co P‘E&d ts ve n d extend]ng
upwardly f r%% t h(rarR %g@%&%’?gt e ﬂ%@iﬁ a?ﬁlélp%é%lf)%tea&&{:q%gdﬁ?ﬁn@m C

package 1000 shopwkigaisishdem, BIGB1 WS a epeatved i 1.OM 24Relerechlad 194 (skoh@

18 10A by adheri ng an | C chip 1004 to the LF 1024 and w re bondi ng
the 1C chip 10042%Heded Raregs; e hepodprasd bigrartiafeetehing poyaviportiors P4 teinal |y,

a lid has been apphd : : 0 _seal I C
package creating tHf%g?ﬁﬁgg@??@Qgﬁ%%ﬁﬁ?ﬁgﬁp%g?ﬁ?%é%éﬁéymﬁﬁg0f%€§?nay
be formed of a sbi2#UetweendireiredessssLid b6 @sthe oot taxR TP Sahat ARy Bd usedtb PRIIE ,

gl ass, ceramc, or other solid material or a conbination of one or
nore of these naﬁug?oftg?rsa.n IC RErgit orewed thejeon ndhy progide elefisicakrathyrys thgouter
1024 has been etg b6k bhRideSRhad t al
traces. [53] Refé???ng nom1tog%%ésfﬁf%%sgﬁgg?&?%é1%%%§§c%@gﬁ%%%mgf an
LF 1124 for use Hotfomporfacy of thed Fa§e4. FiG. $ Hbiam boteirGievd dfne IsF 1024 ®ferasthew of
the LF 1124 mhereté g%s§ﬁs 11§§§é hown, as_ shaded in areas) have been
formed by partiafiy etehrhg % PEESLRTRVIdsroufing fipm benins apcas gfra thhhe LF
1124 in a predetsaiv: 628e PR1028 kbontid &re16¢ GhaR AR bl QN8 nRLE02:. LF

Oftentimes, the location of the contact areas 1106 on the LF 1024 is dictated by the

pattern of the contact points on the PCB to which the IC package will be mounted. For
example, in the embodiment shown, the contact areas 1106 were required to be
uniformly spaced in two rows around the IC package. As can be seen, utilization of a
complex pattern of metal traces allowed clectrical signals to be routed from the
non-uniformly spaced bonding areas to the two rows of uniformly spaced contact
areas, a capability that was previously impossible using a metal LF.

[54] In addition to the advances described above with respect to FIGS. 11A-B, the
utilization of metal traces to allow contact areas to be remotely disposed from their
respective bonding areas has also significantly increased the number of /O

connections available for a given combination of IC packages and chip sizes and has




1124 between the recesses 1126 are the netal traces 1118 that may be
used to provide support for an IC ci rcglt nount ed t hereon and/ or
provi de el ectrical pathways to route S| gnal s bet ween bondi ng areas
on a top surface of the LF 1024 and contact areas on a bottom
surface of the LF 1024. FIG 11Bis a bottomview of the LF 1024
where the netal traces (shown as shaded in areas) provide routing
from bondi ng ar ealsp alawed in@gmsedsired A d@chiyfs t¢ braustdhin t@Prhction wdibmtghved IGAr eas
1106 on a bottom surface _of the LF Otentinmes, the | ocation of
the contact areal %%lzeoﬁegf“ﬁ‘@gf‘?f”fﬁ}%z?@gr?:?héftél??wwn?ﬂ@mﬁaﬁq ern of
the contact poi Ngn@Rods %%mﬂfﬁv&l&bi\é’@dr%hohbﬁ: e PAGKAGE 0 donk Sith
nmounted. For exanple, in the enbodi ment shown, the  contact areas
1106 were requi redmples QféhevalmuﬁU?rpﬂcl;ﬂgspmﬁ&tdauomIsmwndmscmtohmmEE‘J‘ | C

package. As can een ut|I|zt 0, onpl ex tern of netal
traces allowed efﬁ‘ stsn?‘f'sctg f YRPH) A ah? ?fgj(ﬁé’ “?%’ﬁcfnéggp afl?ﬁ’éﬁﬁg%hrg differdnt epes ot
non-uniformy spacGedn MOREkRE vahesntic@ pdiRt@itthg 0rsWSwIRh sl dirkdr 1
spaced contact areas, a capability that was previously inpossible

using a metal LFEhigs5iags armeraied theisin. The thrercynssl oidF oackagte arera Q@Hpaalmve

Wi th respect to I ce

al | ow cont act ar@i%%st oﬂ éﬁggj ?R?Pypagﬁagegﬁed an(a élnrganirqfég ve
bondi ng areas ha®IGH. $2F-H), gllnﬂicﬁt&ﬁhlt]‘béfitsiﬂﬁdhﬁﬁﬁtﬁdletsﬂes ifl tha o, Qix4|n€1@fc
connections avail able for a given conbination of 1C ackages and chip

si zes and has 1% IPaWE’BI%CI%@%HG‘%’%?’?&@@@FEROZE@P%WP? Repkaps Hogewse used
in conjunction wgdh nﬁtaﬂdra\é@sr{o Lefriote Dé@sgﬂ'le%blﬁgﬂ arE%%ffx%fnrﬂke%m{ %}éréa?a]f

12A-H, a chart show ng nunbers o connections typica AVal 1 abl e
for various IC pa@haugel(bahtpfto Buusat in@nss mindligh typet 10 pacekxmmiemnplé oftwhich

various | C package con t s is. showmn. The chart shown in FIG

12A shows the tyg?%eﬂv wﬁaﬁb@? %ﬁr VB BAiE 3 SRS spbndinmt Betisre erPee

different types gder oﬁ?&@d@@hﬁe&&@fbk@cﬂ%@hﬂ@t&@ro@zs 603hAG haRQ LAL pEh t\ﬁﬁ Of
0. 5nrm when three different 1C chips sizZes are nounted therein.

three types of [U® ghatagibsillastativeambbdings oleedge mnf ¥ dGH, evkﬂlar@rmch@s), a
TAPP package (FI.GS.12D a -1 LA package (FIGS. 12F-H).
As i ndi cat ed innfaﬁé’efnio?lg?%d‘j&?l W%@aﬁag%@p n the chart, a 4x4 mm
IC chip i$5500 IT@E @&t EPurREshbSEGpitaNmnbers D PSP 1BHs vJEAEE’sﬁsx&ﬂﬁ 1d: Ghip

package. However,
is used in conjunction with the three different types of 5x5 mm IC packages. When a

3x3 mm IC chip is used with either the QFN or the TAPP IC package type, there is
space around the periphery of the IC circuit for only 1 row of contacts, and only 32 and
36 I/O connections, respectively, are available. When the same combination of IC chip
and package size is used in conjunction with an HLA IC package type, the number of
I/O connections available jumps to 88 with 4 rows of contact areas available for
connection to the PCB.

[56] The Iast column shows typical numbers of I/O connections when a 2x2 mm IC chip
is used in conjunction with the three different types of 5x5 mm IC packages. When a
2x2 mm IC chip is used with either the QFN or the TAPP IC package type, up to two

rows of contacts areas are available for contacting the PCB with a maximum of 44 and




using netal traces to renptely dispose the contact areas fromthe
bonding areas allows a 4x4 mMm I C chip to be used in a 5x5 mm HLA
type | C package, an exanple of which i € shown in FIG 12F. As the
chart indicates, a typical enbodi ment nay have on the order of 641/ 0
connections for contacting two rows of contact points on a PCB. Wile
the chart uses the illustrative enbodi nent of a 4x4 nm1C chip, even

| arger |1 C chips G842 doenentivos respkctivelsqaaitdblenWhid the dafie PREKPHR phokiR sizd 55]
The next col um shogvs Iggi cal. nupbers &{ 1/0 connections when a 3x3
mm1C chip is us€@ PHOREAFRETERCURP HE thr ELAHF eerkegettynes thaiumbgeBEO of

5x5 mm | C packagesmneMbeitumos 3% LD 4 | ' > e
QFN or the TAPP ICHnSacEd;aepstype,ﬁgﬂh‘}g%f%&gpdscglgﬁg%?s%htﬁgntg gnltezﬁgézrolgjpﬂ)hery

of the I C circui tavgilgple fonpopnectinmwiticthe Bevt act s, and only 32 and 36 DO

connecti ons esp i,vel ar il able. Wien the sanme comnbi nation
of 1C chip lhd padkehst st Fo™ YAtk siciti mumcr PO Snpastions e aesoe
package type, thavdlidRr a §kcifidddhbGRMAREID ABScAMBIJBPLEN] 88
with 4 rows of cantact ar easf avai | abl e fo?ﬁs%onnggti%n Jtaoﬁrpﬁlégggsc%.
[56] The |ast coffiths Hiforigkagsypeanly favilitstrtye oirpast0 Thonmenbeis sinsldihen a
2x2 mm |1 C chip | | Lunction. with the three different types
of 5x5 mm | C pac @%g%@gs\%gjna%gga%)%%%n#%m‘)eéo%:ﬁﬁﬁc ?%osi?%l%%owx?rﬁﬁ‘éidﬂ?%‘%x he

QFN or the TAPP biCdgsige kaigtors,yenumbg of DO toMRectib@Weat Shy BORLiR6k Sor3k LS
are avail abl e fohpég tacting the PCB with a maxi numof 44 and 20 60
1/0 connecti ons, g@ﬁ‘i‘ﬁ?é‘?‘?‘}g 34 FIBlG) cBip mppreted therein saprbe enGthedwiiep ofand

package size CORBicRRk kMR t%géndﬁ%@xq.h&% G2, lﬁﬁwa%gus. ' tgpeizg)g%m'a'% 1C

bast
package type, the nunber of DO connections junps W th Elyp to 5
rows of contact swesshdgsmoversads add@ih- R8T chanpidvidbnenteRforcomnass i ng

wi th the PCB. [5‘%)}*5 ghﬁe 028” shown in FIG 12A lists a specific
nunber of 1/0 cofiff&at: BRLCPIrkiee HRsS Be sisaficin mpsages frfO gonggsiensiof e
combi nation of | @ &R PackseBpa6er MObMRL td IcGhek | r
the HLA package type _%r?l iggg%r iIrI ust rrét‘%f\%ﬂafo&%&g@%g%ﬁﬁ%g&%ﬁr%ges
shoul d in no walp sigeifieroristreasesdn etberdC pakigasimas wiether srafer EANESGHIS or less

possi bl e. For extﬁrggxg dependi ng on design variations, the nunber of
| / O connections that be avail able for 5x5 mm

[58] Referring now to FIG. 12H in particular, the embodiment shown utilizes metal traces
to route from a bonding area to a contact area disposed outwardly from the bonding
area. Routing from a bonding area close to an IC chip to a contact area farther away
from the IC chip allows a shorter wire bond to be used to connect the IC chip to the
bonding area. This may result in significant cost savings by reducing bonding time,
especially when expensive metals, such as, for example, gold, are used for wire bonds.
As can be seen in FIG, 12H, various embodiments may utilize a combination of
routing outwardly and routing inwardly. In some embodiments, routing only outwardly
may be used, while in other embodiments routing only inwardly may be used.

[59] Although various embodiments of the method and system of the present invention
have been illustrated in the accompanying Drawings and described in the foregoing

Detailed Description, it will be understood that the invention is not limited to the




HLA | C package having a 2x2 nm |1 C chip nounted therein may be on the
order of nore than twice the nunber shgwn in FIG 12H Various other
enbodi nents may surpass these nunbers. In addition, while the chart
provi des nunbers for conparing three 5x5 mm | C package types, the
significant increases in 1/0 connections of the HLA |IC package type
over the other two I C package types listed would also translate to
signi ficant i ncr&adinents diselpsed. biuds enaele) aumsrous seargigamensy mgdificptions apthan
5x5 nmor |ess | i . Fl 2H. 1 n.
particular, the %%%%ﬁ?ﬁ%ﬁ?ggﬁ%&%Lﬁﬁﬁ ?@%@£ﬁkg%gﬂ%%%£%é%a#ﬁﬂPgﬁ?é from
a bonding area to a contact area disposed outwardly fromthe bondi ng
area. Routing froma bonding area close to an IC chip to a contact
area farther amay fromthe IC chip allows a shorter wire bond to be
used to connect the IC chip to the bonding area. This may result in
significant cost savings by reducing bonding tine, especially when
expensi ve netals, such as, for exanple, gold, are used for wire
bonds. As can be seen in FIG 12H, various enbodinents may utilize a
conbi nation of routing outwardly and routing inwardly. In sone
enbodi nents, routing only outwardly nmay be used, while in other
enbodi nents routing only inwardly nay be used. [59] Although various
enbodi ments of the nethod and system of the present invention have
been illustrated in the acconpanyi ng Drawi ngs and described in the
foregoing Detailed Description, it will be understood that the
invention is not limted to the 21 enbodi nents di sclosed, but is
capabl e of numerous rearrangenments, nodifications and substitutions
wi t hout departing fromthe spirit of the invention as set forth
herein. 22 [1] 1. Aleadless integrated circuit package conpri sing:
a netal |eadfranme having a top surface and a bottom surface, the
netal |eadfrane conprising a plurality of terminals extending from
the top surface to the bottom surface, each of the plurality of
term nals conprising a bonding area at the top surface, a contact
area at the bottom surface, and a netal trace coupling the




bonding area to the contact area; an I C chip nounted on the top
surface of the netal |eadfrane and conpsjsing a plurality of bonding
pads; a plurality of wires, each of the plurality of wires bonded to
a bonding area and a bonding pad; an encapsul ati on conpound coveri ng
the 1C chip, the plurality of wires, and at |east a portion of each
of the plurality of termi nals; whereihAtexontact areas of the
plurality of termnals are not fully encapsulated by the

encapsul ati on conpound; and wherein at |east .one of the plurality of
termnals couprises fa Aveddaks iht@ted cithiefkkdze&rdpMsis@up! i ng a bondi ng
area laterally disposed froma contact area such that no line

per pendi cul ar to t he? P leadirgpdaviag a top aurfaes and 2 bastanifsnifave thermatal badftage

bot h the bondi ng are _ t.are |l ectricall 0 ed to
the bonding area vi go '%gn%f{ﬁug%‘&{]éf;}%n&na 7} e%ng gt eé%%@%’ﬁ‘?% goétSﬁ‘age
of claim1, wherein stfadepast of deelueditt di @rhi@astonplising CEVNMRE &6:Sat e BRL A
trace electrically coupling a contact area disposed underneath the

| C chip to a bondi ng“Hi%€=* QMEH a8 herbeitnrsualagserd gueia} trase cauplingiti€ chi p.
[3] 3. The | eadl ess Hogdii?g"leﬁé‘a%ﬁle%m&ia@éam 2 conprising: an adhesive
coating interposed between the netal trace and the IC chip. [4] 4.
The | eadl ess | C packad®€ clgp monraddron the taphserfek nf thdweetkl osadicang: andl €@nprising a

| aterally disposed fr the contact area is one or nore of. disposed
outwardly fromthe p@%%?’é%fjt%o q%égapa%el ative to the IC chip; disposed

inwardly fromthe cophaaly aveds, 3dh of @ Aliali® of Qirds Bordbdro b %%qu
di sposed parallel to an edge of t'hg I(:é‘chitg.0 [5] 5. Tﬁe Ieanleséndlac

package of claim 1, bapdingdia®y a surface area of a bonding area of at
| east one of the termnals s smaller tha surfac rea of a
contact area coupl 3513?‘% Sﬁlﬁ{éonﬁgrﬁﬁ?uﬁ‘gcoé’?rgﬁ%e[algfﬂg’.tgﬂ‘lﬂi‘ﬁ%t%%@%@q"tt:
package of claim 1, 1estereition & «dihsr @ pRraifloMREANAs; CENt er of a

pott pRraflfy ;

wherein the contact areas of the plurality of terminals are not fully encapsulated

by the encapsulation compound; and

wherein at least one of the plurality of terminals comprises a metal trace
electrically coupling a bonding area laterally disposed from a contact area such
that no line perpendicular to the top surface of the metal Ieadframe intersects
both the bonding area and the contact area electrically coupled to the bonding
area via the metal trace,

2] 2. The leadless IC package of claim 1, wherein at least one of the terminals
comprises a metal trace electrically coupling a contact area disposed underneath
the IC chip to a bonding area disposed around a perimeter of the IC chip.

[31 3. The leadless IC package of claim 2 comprising;
an adhesive coating interposed between the metal trace and the IC chip.

[4] 4. The leadless IC package of claim 1, wherein the bonding area laterally

' disposed from the contact area is one or more of: disposed outwardly from the

contact area relative to the IC chip; disposed inwardly from the contact area




bonding area of a first termnal of the plurality of termnals and a
center of a bonding area of a second termnal of the plurality of
termnals is less than a distance between a center of a contact area
of the first termnal and a center of a contact area of the second
termnal. [7] 7. The | eadl ess |IC package of claim 1l conprising: a
first termnal of the plurality of termnals having a first bonding
area coupled to a félatye tadbniCabip; ad diapdsesi mgllelitspedebi tybSchipt i al | y

directly therebel ow, econd.term nal .of the.pluralit f_termnals
having 5 seBbnd. bondi 5 TRapE SR PR i e ek off b e

substanti al I'y di rectf j1dabi@nedreteqimindls isinalts Rk Aid@te 06 of DeonRbaral 1ty
of termnals having a third bonding area coupled to a third contact

area; wherein the tkppldpohebaginatesn is i nter posed between the first
bondi ng ar and t n ndi n r.eq; and rein the thir
contact ar g@ is di s%&%ge%@gﬁéégﬁcgﬁgeg i;cgarhmghw%Feé%a %@ﬁ%@eﬁwﬁeﬁgc?”l@ gfta
contact area and t heosiegard ofOfitktaghinall of e pluBlityrf tefhigald fadlcass of £
package of claim7 conprising: a fourth termnal of the plurality of

terninal s having a PERSFERTpECHgd reinel obBupiatty obicmrinabis ket tweat act
area, wherein the fQfétraﬁéébQQQéHanlgéro?chn&ct‘a%%ftﬂgﬁéﬂe&%ﬂ‘%ﬁg Lhe o{}i rst
bon e ‘fourt

bondi ng area and the second I ng area; and ereint
contact area is di sposethrdaal deadcbnd thrmbml. t he area between the first

contact ar e@ and t hg-éﬁlgfo{l,ld g&gt %g ar ea. J; 9]. 9. : The | eadless I1C
package of ‘¢l aim | PP Y- Paslipee of damp d comptisiggnal of the plurality
of terminals having, firsf bfirfthal 6ORY PAGh1icPERGmirls ﬁ@&wugt%&gsﬂg%}eaesutpkﬁ%
plurality of term nals having a second contact area adjacent to the
first contact area; aé&instcoatatthicn beitgalisppsed bubgtintinlyediptiyrikdrébelpwof
termnals having a gas}:tcoahld tetrll;fllaﬁgleof Eh%%fu?a%ty%ﬁevm\e;igﬂs having a second bonding coupled

to a second contact area disposed substantially directly therebelow;

a third terminal of the plurality of terminals having a third bonding area coupled

to a third contact area;

wherein the third bonding area is interposed between the first bonding area and

the second bonding area; and

wherein the third contact area is disposed laterally from an area between the first

contact area and the second contact area.

[8] 8. The leadless IC package of cléim 7 comprising:

a fourth terminal of the plurality of terminals having a fourth bonding area

coupled to a fourth contact area;

wherein the fourth bonding area is interposed between the first bonding area and

the second bonding area; and

wherein the fourth contact area is disposed laterally from the area between the

first contact area and the second contact area.

9] 9. The leadless IC package of claim 1 coraprising:




the first contact area and the second contact area. [10] 10. The

| eadl ess | C package of claim 1, wherein ghe bottom surface of the
netal |leadframe is selectively etched Back such that the bottom
surface of the nmetal |eadfrane is substantially even with a bottom
surface of the encapsul ation conpound. [11] 11. The leadless IC
package of claim 1, wherein the bottom surface of the netal

| eadframe is sel ecti vérsyte’élp@ﬂﬁeﬁhmykhtsqumlaham dfggsontatpert i on of
ially even with a

a bottom surface of al . trac bst

bottom surface of thgwgndmé'gﬁ%oéfﬁe r%@ﬁ%g@ ?S}Eaflé‘]gai"fondl%@aqtérﬁﬂl ess
| C package of cl ai m ddjacehies@é frst BRaddats: @ surface of the netal

| eadfrane is sel ectivel gretched back such that at |east a portion of

t he netal Ieadfraneafhﬁ eﬁ@nﬂﬁéméﬂé@b@@fmlmﬁhh@ﬂngmmﬂdtuasﬁrm&me@cn
[13] 13. The | eadl esg, %ﬁ%gfﬂ%fth .l C}lmcwher ein a bottom surface
of the netal tracels se ectively et ?1%00 W¥W%uch that at |least a
portion of tH& netal1¢ meadlesmljdﬂ{age}wcl%ﬂﬁﬁﬁéiklﬁiﬂegbhcﬁpﬂﬁ%@fjthéﬁwtal

renoved. [14] 14. The ] eadl ess |IC package of claim|l conprising: a
metal plating appliefedgmaisseprtizgly ?t%‘éb%‘i‘ sugh thatethashottem eurfronefitegnetat ea

of the bonding ar eal%adfﬁﬂgls‘ém:ﬁ{af?ﬁaﬁy Ben lﬂﬁﬁ%ﬁoé a\%%acé geloefngit At aFﬁrrEt al

| eadf rane bel ow the netal plating is etc
| eadl ess | C package @fupeindi m 14, wherein substantially all of the

"oadl ess U oo B el aliRin8 ppdieor M 1y recin i baions e o8 el ot
bondi ng area of the 1@Adﬂarausgaec9¢dm&gmgmem&atézﬁ @@&&%f%f)&fga five
I r

mls; and wherein a di stance between an edge of st I ng
area and an edge of ssrfacgetthnuetbidnet mglbamdlm egerl withs tohtan sfrfavteof tHel S .

encapsulation compound.

[12] 12. The leadless IC package of claim 1, wherein the bottom surface of the metal
leadframe is selectively etched back such that at least a portion of the metal
leadframe inside the encapsulation compound is removed.

[13] 13. The leadless IC package of claim 1, wherein a bottorﬁ surface of the metal
trace is selectively etched back such that at least a portion of the metal trace
inside the encapsulation compound is removed.

[14] 14, The leadless IC package of claim 1 comprising:

a metal plating applied to a top surface of at least one bonding area of the
bonding areas; and

wherein at least a portion of the metal leadframe below the metal Plating is
etched away.

[15] 15. The leadless IC package of claim 14, wherein substantially all of the metal
leadframe below the metal plating is etched away.

[16] 16. The leadless IC package of claim 1 comprising;

wherein a width of a first bonding area of the plurality of bonding areas is less



[17] 17. The |1 C package of claim1l, wherein a bottom portion of the
at | east one netal trace is coated witl. a protective material. [18]
18. The | C package of claim 17, whereinthe protective material is
selected from the group conprising: an epoxy, an oxide, and a sol der
mask. [19] 19. The | C package of claim1 conprising: a solderable
protection | ayer fornmed on a bottom surface of the contact areas;
wherein the sol der abhan fpeotlecndé on | ayer is sel ected fromthe group

Biati ng Stack-up of RICERE SSHE b = i raitny S B A okl
and silver; a platingcoafl bédlng @lea is®Rt Man e niilsCkel and gol d; an
electrolytic or immersion tin; a solder coating of tin and |lead or a
tin-alloy sbifler; al7sBiedepadsegelof ¢giml, wheseiela Pastank portiomot thewt Zehst oge metal
sol der; and a bare [ Wt coating,. of an organic solderability
preservative. [20] qglg&gﬁagd}v%hgg%’%ﬁﬁvgn%fmﬁll aim | conprising: wherein
the top surfidre of tIBETHYEC BhekhREEILANG, AR th&R8edivein@edl {sa68Bctdddhm
and at least a portion of the IC chip is nounted on the die attach
pad. [21] 21. The | G HRUPLGEPHECAEPIRY1an0519pEnEd solffer B3E- or rmore | C
chi ps nount to thegl I .ecgtrically coupled to the netal

| eadf r ane. ?g]Z] 22. el,g' %g?g%k%%@%%ﬁ]ﬁggﬁtuéﬁnﬁg a | eadl ess integrated
circuit package, conpvldahtigprote@iati tayalfdrhe@brcdHortgm surfabiof serch@seareds; a
metal |leadfranme to formrecesses therein, the recesses defining
upper portions of a "Prgrdsselderghle pratection lqyepdssslectedifogm the gropp ¢qmpeansf
the plurality of metaluts aces, hewhed RrRgRdLRG.ff ea di sposed on an
upper surface 26 thz’raeo : rount | r]{‘gﬂé’n TC éhlil&%got(’) t he met al

| eadf r ane; a plating stack-up of nickel and gold;

a plating stack-up of nickel and silver;
a plating of silver, gold, or nickel and gold;
an electrolytic or immersion tin;
a solder coating of tin and lead or a tin-alloy solder;
a solder bail of tin and lead or a tin-alloy solder; and
a bare copper with a coating of an organic solderability preservative,
[20] 20. The IC package of claim I comprising:
wherein the top surface of the metal leadframe comprises a die attach pad; and
at least a portion of the IC chip is mounted on the die attach pad.
[21] 21. The IC package of claim 1 comprising:
one or more IC chips mounted to the IC chip and electrically coupled to the
metal leadframe.
[22] 22, A method of manufacturing a leadless integrated circuit package, comprising:
partially etching a top surface of a metal leadframe to form recesses therein, the
recesses defining upper portions of a plurality of metal traces, each metal trace of

the plurality of metal traces having a bonding area disposed on an upper surface




electrically coupling the I1C chip to the bonding areas via wre
bonds; applying an encapsul ati on conpoupd to cover the I1C chip, the
wire bonds, and the plurality of netal $races and to fill the
recesses in the netal |eadfrane; selectively etching a bottom
surface of the netal l|leadframe to isolate each of the plurality of
nmetal traces, each of the plurality of nmetal traces having a contact
area di sposed on a | &eef; surface thereof and not fully covered by the

encapsul ation conpoun “ﬁ?%}lgr]ﬁi%%@aﬁéﬂh% t one netal trace

conprises a contact ar rom a bonding area such

that no line per penda@d@ﬁ@yaogpﬁngqmm@mﬁtolﬂ%gﬁcru@gm%a&m%é&ﬁlhé bot h
the contact area and the bonding area. [23] The net hod of claim

22, wherein at | east?2palypgre pisepsaiftionisemponidio cavar thalfechirf the e bomes, abd

traces are etched b nt i flush w

surface of the encgt%é;}&lf]&[n?%f% g%% ﬁflp{ﬁlﬁrecefﬁeé 'Hé?ﬁ%ﬂﬂ%‘f]ﬁ%rl‘ﬂal m 22
conpri sing: applyi ngseBetpelpleRbing ¥ Bot@RahrFAGolR rddial L@ inedo BElitt bddiofQe
the lower surface of the netal traces. [25] 25. The nmethod of claim

24, wherein the protREalityef nea fosy cechrpihe Buality abmessl tragpp havingfa centact
resistive oxide Coatérfglghsggsgd ﬁ;ﬁﬂé%er%%tcé &&EOf%I[P&jn ?f { Qovgre{i%) Ve i nk. [26]

26. The nethod of claim ereln a portion o m surf ace
of the nmetal | eadf reasapsilsioetaipechdbadk to be substantially flush with
a bottom surface of the capsul ation layer. [27] 27. The nethod of

claim22 conprising: I\R}?&Hérﬁ“ Wé“qtaé“ﬁ"ﬁicﬂnﬂr’éesﬁﬁﬁﬁi #reg igtegllydigposed figrn
area of the netal | eaghdidi®sa sudiftk £ ﬁhe?gﬁen%cﬁaﬁg (R eR a?feﬁﬁra.@é flekvdes

froma bottom surface of the encapsulation |ayer a |rs I stance
and the contact ar eé?gthphe@pnt@mgewminhetbhginmmaom surface of the

encapsul atlps | ayel 22 BReoRed 8 FHADT SR % 1l « pofon St e lower satthos o e
metal traces are etched back to be substantially flush with a bottom surface of the
encapsulation layer,

[24] 24, The method of claim 22 comprising:
applying a protective coating to at least a portion of the lower surface of the
metal traces,

[25] 25. The method of claim 24, wherein the protective coating comprises one or
more of a resistive oxide coating, an epoxy coating, and a protective ink.

[26] 26. The method of claim 22, wherein a portion of the bottom surface of the metal
Ieadframe is etched back to be substantially flush with a bottom surface of the
encapsulation layer,

[27] 27. The method of claim 22 comprising:
wherein the IC chip is mounted to a die attach atea of the metal leadframe;
wherein the die attach area protrudes from a bottom surface of the encapsulation
layer a first distance and the contact areas protrude from the bottom surface of

the encapsulation layer a second distance; and




[28] 28. The nethod of claim22, wherein at |east a portion of the

| ower surface of at |east one netal trgce is etched back inside the
encapsul ati on conpound. [29] 29. The nmethod of claim 22 conprising:
partially etching a channel into a top surface of the netal

| eadf rane; and flowing a portion of the encapsulation conpound
between the nmetal |eadfrane and the IC chip via the channel to
provi de the encapsulvélpiemﬂlftf@ﬁtﬂ@@n@m]mstﬁaséilea‘tceléﬁ(hmcﬁard to reach

p_or ti ons_ of 2 E{Ee r eC ufe Bgl)fci . %ergi%taﬂeacslT B?I%cortfoln%% o%v Cso cI:a Iots ng.
si ngul ati ng e | ea ess pac age 8m rame
strip. least one metal trace is etched back inside the encapsulation compound.

[291 29, The method of claim 22 comprising:

partially etching a channel into a top surface of the metal leadframe; and
flowing a portion of the encapsulation compound between the metal leadframe
and the IC chip via the channel to provide the encapsulation compound to
isolated and hard to reach portions of the recesses.

[30] 30. The method of claim 22 comprising:

singulating the leadless IC package from a multi-unit leadframe strip.



